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Variation in temperature and R 0 amongst Canadian sites
Sites at which we estimated R 0 were selected in previous studies (Ogden et al. 2005; Wu et al. 2013) ( Table S1 ) and form rough south-north transects in eastern Canada ( Figure S1 ). They aimed to capture the range of climatic zones in this region (Natural Resources Canada 2013a), where I. scapularis is currently expanding its range, which is due to complex orography, water proximity and forest structure (Natural Resources Canada 2013b) that influence local temperature regimes. We re-investigated the degree of climate variability amongst these sites in order to come to a compromise between inter-site variability and the need for some simplification for data presentation. In earlier studies (Ogden et al. 2005 ) the best index of the suitability of seasonally-variable temperature, at a particular location, for I.
scapularis survival was annual cumulative degree-days above 0°C (DD > 0°C) because temperaturedependent intersstadial tick development (a key variable through which temperature affects R 0 ) does not occur below 0°C (Ogden et al. 2004 ). We grouped the sites into five clusters on the basis of geographic proximity and climatological similarity. Both DD > 0°C from observed data and R 0 estimated ANUSPLIN data from 1971 to 2010 at the sites in each cluster are shown in Figure S2 . The climatological similarity of sites within the clusters was supported by estimation of the Euclidian Distance of DD > 0°C calculated from ANUSPLIN data from 1971 to 2010 as a measure of similarity and Ward's criteria (Derry 2008; Munoz-Diaz and Rodrigo 2004; Romesburg 1990) for linking grid points with the highest similarity ( Figure S3 ). The clusters were: 1) Southern Ontario -the north shore of Lake Erie, 2) Huron Ontario -Ontario adjacent to the south-east extent of Lake Huron, 3) Upper Southern Ontario -Ontario adjacent to the eastern extent of Lake Huron close to Georgian Bay, 4) South-Western Quebec, and 5) Boreal region -the most northern sites in both Ontario and Quebec. The Table S1 . Basic characteristics of sites used in this study. 
Site number
Model sensitivity analysis
The I. scapularis model is sensitive to a greater or lesser degree to changes in model parameter values, particularly changes in temperature (which is explicitly modelled here), but also host abundance and offhost tick mortality (Wu et al. 2013) . Host abundance (deer and mice in this model) will vary from location to location on both local and national scales depending on the specific suitability of habitat in each location for those species. Off-host tick mortality varies with the capacity of the environment of the surface layers of the soil, which provide the environment for ticks during the long period of development from one instar to the next, to protect the ticks from degrees of temperature, desiccation or flooding that result in greater mortality (Ogden et al. 2006 ). This results in many environments being unsuitable for tick survival, and partly explains the association between I. scapularis and woodland habitats. Woodland habitats do vary in their capacity to provide refugia for developing ticks, which is reflected in different mortality rates of ticks undergoing intersstadial development (Ogden et al. 2006 ).
To assess the sensitivity of our projected changes in R 0 to all model variables we performed local and global sensitivity analyses. For these analyses, monthly temperature data for 1971-2070 obtained from the regional climate model CRCM 4.2.3 were used to determine the temperature-dependent tick intersstadial development rates and tick activity rates (Wu et al. 2013) . All model variables were incorporated in the sensitivity analyses (Table S2 ). All baseline values were those in (Wu et al. 2013) , and all simulations were performed in Matlab R2010a (MathWorks, Natick, MS, USA).
Local sensitivity analysis
Local sensitivity analysis was used to quantify the impact of variation of individual parameters on estimated R 0 (Benton and Grant 1999) . Local sensitivity analyses were performed for data from one site period. This analysis indicated that the degree of change in R 0 from one time period to the next was most sensitive to development rates and mortality rates of eggs and larvae (Fig S5) , although the effects of changing these parameter values by 5% had relatively modest effects on increases in R 0 from one time period to another (changes of 0.15 or less) (Fig S5) . Simultaneously changing mortality rates of all offhost tick stages by 5% (as would be expected to occur in different woodland types: Ogden et al. 2006) had a larger effect on increases in R 0 (changes of 0.28 or less) from one time period to another (Fig S5) .
Global sensitivity analysis
We used Latin Hypercube sampling (LHS) to estimate the possible range of R 0 caused by simultaneous variation of multiple parameters. LHS is an efficient and widely used statistical sampling method of uncertainty analysis that treats each parameter as a random variable within a pre-determined range (Matser et al. 2009; Marino et al. 2008) . In this global sensitivity analysis, we considered only one site Note that U(--,--) indicates the uniform distribution in the process of allocation using LHS. Table S2 ) numbers of deer and rodents, density-dependent effects on fecundity, duration of larval hardening, development rates of larvae, nymphs and adults, mortality rates of eggs, and hardening and questing larvae, density dependent mortality of feeding larvae, engorged larva and questing nymph mortality, density-dependent mortality of feeding nymphs, mortality of engorged nymphs and questing adults, density-dependent mortality of feeding adults and mortality rates of engorged adults. The final bars show the combined effects of changes in mortality rates of all off-host ticks simultaneously. 
Validation of climate model output
To validate CRCM4.2.3 temperature output used in modelling R 0 , and to compare with an ensemble of climate models (Table S3) with ANUSPLIN. As a consequence of these observations, the mean bias correction method (Watanabe et al. 2012) relative to monthly temperature from ANUSPLIN was applied to CRCM4.2.3 to improve the accuracy of temperature prediction ( Fig S7) and bias-corrected temperature data were used in estimations of R 0 by the I. scapularis model. R 0 estimates for the Canadian sites using observed temperature data and climate models output are presented in Fig S8 . In order to map R 0 under current and projected future climate we used our model-estimated values for R 0 under recent climate for the 30 Canadian sites over 40 years of observed temperature data to obtain a relationship between R 0 and DD > 0°C. We only have R 0 values for the study sites but we have current and future projected DD > 0°C data for most of North America. Using the 'Basic fitting' tool of Matlab® R2010a (MathWorks, Natick, MS, USA), we obtained two regression functions that described the relationship between R 0 and DD > 0°C for each year from 1971 to 2010 (Fig S9, 
